Background
Gastric cancer is one of the most common malignancies worldwide. Histopathologic studies have identified a sequence of changes in the gastric mucosa that mark the slow progression from normal tissue to carcinoma. Epidemiologic evidence suggests that a diet rich in fresh fruit and vegetables could be a protective factor against this disease. This effect may be mediated through antioxidant vitamins.
Methods
A randomized, double-blind chemoprevention trial was conducted among 1980 subjects in Tachira State, Venezuela (whose population is at high risk for gastric cancer), to determine the effect of dietary supplementation with vitamin C, vitamin E, and beta-carotene on the progression and regression of precancerous gastric lesions. Subjects were randomly assigned to receive either a combination of vitamin C (750 mg/day), vitamin E (600 mg/day), and beta-carotene (18 mg/day) or placebo for 3 years. Changes in the gastric mucosa were determined by histologic diagnosis based on five biopsies taken from prespecified areas of the stomach at baseline and annually for 3 years. All biopsies were reviewed by a single expert pathologist. Progression rates (and regression rates) were calculated by comparing the first and last available gastroscopies for each subject and dividing the number of subjects whose diagnoses increased (decreased) in severity by the total follow-up time. Overall rate ratios were calculated by Poisson regression, controlling for baseline diagnosis. All statistical tests were two-sided.
vitamins as chemopreventive agents against gastric cancer. A systematic review of intervention trials for cancer prevention that was performed before the commencement of this trial ( 5 ) found only two ongoing chemoprevention trials with precancerous gastric lesions as trial outcomes ( 6 , 7 ) .
Histopathologic studies conducted in high-risk populations have identifi ed a sequence of changes in the gastric mucosa that apparently represent a continuum from normal tissue to carcinoma, with intermediate stages of chronic gastritis, atrophy, intestinal metaplasia, and dysplasia that may be diagnosed by taking gastric biopsies ( 8 ) . The use of precancerous gastric lesions as an intermediate endpoint, instead of gastric cancer, may allow intervention trials against gastric cancer to be conducted in a shorter time and with a smaller number of subjects.
In this article, we report the results of a randomized trial on the effects of vitamin supplementation on precancerous lesions of the stomach conducted in Tachira State, Venezuela. The incidence rate of gastric cancer in men in Venezuela, age-standardized to the world population is estimated to be 19.2 per 100 000 years ( 1 ) . This may be compared with incidence rates of less than 10 per 100 000 years in South Asia, North and East Africa, North America, and Australia and New Zealand ( 1 ) . Although there are no regional incidence estimates for Tachira State, it lies in the Andean region of South America, which forms a belt of extremely high gastric cancer incidence, with age-standardized rates of 46.1 in Chile, 37.5 in Peru, 37.8 in Ecuador, and 36.0 in Colombia ( 1 ) . Thus, Tachira State is considered to be a high-risk area for gastric cancer.
In the early 1980s, a gastric cancer screening program was set up in Tachira State, based on the Japanese model of photofl ouroscopic screening followed by gastroscopy if radiologic abnormalities were detected in the screening ( 9 ) . This program was established with the advice of Japanese gastroenterologists and was supported by the Japan International Cooperation Agency from 1983 to 1987. Although an evaluation of this screening program based on a casecontrol study of gastric cancer mortality found it to be ineffective in
CONTEXT AND CAVEATS

Prior knowledge
Epidemiologic evidence has suggested that a diet rich in fresh fruits and vegetables is protective against gastric cancer.
Study design
This was a randomized double-blind chemoprevention trial.
Contribution
The work suggests that supplementation with antioxidant vitamins is not an effective tool for the control of gastric cancer in a high-risk population.
Implications
The factors that account for the association of a diet rich in vegetables and fruit and low rates of gastric cancer seen in epidemiologic studies remain to be identified.
Limitations
The focus on changes in precancerous lesions in this trial may have introduced some sources of error based on imprecision in histologic diagnosis and loss to follow-up when patients did not return for gastroscopy.
reducing gastric cancer mortality ( 9 ) , it nevertheless provided infrastructure (particularly the presence of skilled endoscopists) for the randomized trial reported here. The goal of the trial was to determine whether the progression or regression of precancerous gastric lesions would be affected by a 3-year course of dietary supplementation with antioxidant vitamins (beta-carotene, vitamin C, and vitamin E). The initial plan was that dietary vitamin supplementation would be combined with anti -H. pylori treatment. However, anti -H. pylori treatment was dropped from the protocol after completion of two pilot studies, in which three anti -H. pylori treatment regimes were tested separately but none was found to eradicate more than 26% of H. pylori infections (10 , 11 ) . The design of this trial has been previously described along with a summary of the baseline data ( 11 ) .
M ethods
Patient Population and Eligibility
Subjects in the trial were participants in the gastric cancer control program of Tachira State, Venezuela, who had been selected for gastroscopy after radiologic abnormalities had been detected by photofluoroscopy. Subjects who were between the ages of 35 and 69 years, in general good health, and permanent residents of Tachira State were eligible for the trial. Potential subjects with a serious illness, including any type of cancer, those whose mental status made long-term adherence to the treatment regimen unlikely and pregnant women were excluded. A full description of the trial and an explanation of the implications of participation were given to eligible participants, and subjects who then signed informed consent forms were included in the trial. Ethical clearance for the study was obtained from the International Agency for Research on Cancer (IARC) Ethical Committee in Lyon, France, and the Cancer Control Center in San Cristobal, Venezuela. The trial protocol is available online as Supplementary Data.
Calculation of Sample Size
The study was designed to have more than 90% power to detect a 30% decrease in the progression rate of precancerous lesions. Sample size calculations for the study were based on the estimated prevalence of precancerous lesions ( 12 ) and their progression and regression rates ( 13 ) in a follow-up study conducted in Colombia (see T ables 1 and 5 , respectively, of these references).
Collection of Baseline Data
In addition to undergoing a baseline gastroscopy examination, all participants in the trial completed a questionnaire that was administered by specially trained interviewers. It requested information on sociodemographic and lifestyle variables. Dietary history was assessed by a food-frequency questionnaire on 41 typical local food items. Subjects were also examined by a physician, who took measurements of height and weight as well as details of medical history. Fifteen milliliters of heparinized blood and 10 mL of urine were also taken. Cross-sectional analyses of this baseline data have been previously reported ( 14 -18 ) .
Measurement of Plasma Vitamin Levels
Plasma levels of vitamin C, beta-carotene, and alpha-tocopherol were measured at the Vitamin Research Laboratories of Hoffmann-La Roche (Basel, Switzerland) as previously described ( 16 ) . Briefly, when blood samples were taken, they were centrifuged immediately to obtain plasma. For carotenoid analysis, 1 mL of plasma was frozen immediately and stored at 20 °C. For vitamin C analysis, 0.5 mL of plasma was stabilized with 4.5 mL of a 5% meta -phosphoric acid solution before storage at − 20 °C. Vitamin C was assessed as descibed by Brubacher and Vuilleumier ( 19 ) . After one single extraction of the plasma, beta-carotene and alpha-tocopherol were measured with other carotenoids simultaneously on a re verse high-performance liquid chromatography phase system, as described by Hess et al. ( 20 ) .
Interventions
Subjects were randomly assigned to receive either antioxidant vitamins or placebo for 3 years and were blinded to the treatment allocation. The treatment was taken in the form of three capsules per day, one with each of the three main meals. Each capsule contained 250 mg vitamin C, 200 mg vitamin E, and 6 mg of betacarotene, for a daily dose of 750 mg of vitamin C (12.5 times the recommended daily allowance), 600 mg vitamin E (20 times the recommended daily allowance), and 18 mg beta-carotene (considered the maximum dose if carotenoderma is to be avoided). This daily regimen has been demonstrated to increase levels of vitamin C, beta-carotene, and alpha-tocopherol in plasma ( 21 ) . The placebo was prepared in the form of capsules identical to those containing the vitamins. Both vitamin capsules and placebo were supplied by Hoffman-La Roche. The capsules were supplied to subjects on a monthly basis for the first 6 months. Then capsules were supplied every 3 months to subjects with good compliance, defined as less than 10% of capsules returned unused, at the end of the month. Subjects with poor compliance continued to receive capsules monthly. The random allocation sequence to determine treatment group was generated by Hoffmann-La Roche, using random permuted blocks of size eight. All histologic diagnoses and assays on biologic samples were conducted blind to the treatment allocation. During the trial, the central study database at IARC did not contain data on treatment allocation. The data were added to the database after the trial had been completed.
Follow-up
When subjects returned to the study center for their replacement capsules, they were asked whether they had experienced 1) skin yellowing, 2) weight gain or loss, 3) allergic reaction, or 4) any other side effects. These side effects were recorded and then evaluated by the coordinating physician to determine if treatment should continue. Subjects who did not return for their supply of capsules were contacted first by telephone, then visited at home by social workers who enquired about the reasons for nonattendance, encouraged continuing participation, and provided the next month's supply of capsules. At 12 and 24 months after initiation of treatment, all subjects underwent a follow-up physical examination and gastroscopy and provided additional blood samples. At the end of the 3-year treatment period, gastroscopy and all other procedures conducted at baseline were repeated.
Outcomes
The primary outcome of the trial was the progression and regression of precancerous lesions of the stomach, as determined by histologic findings. Seven biopsies were taken from each subject at each gastroscopy: five were used for histologic diagnosis and two were frozen for use in investigational analyses. The five biopsies used for histologic diagnosis were taken from the following locations: the lesser curvature of the antrum approximately 1 cm from the pylorus, the greater curvature of the antrum approximately 1 cm above the pylorus, the lesser curvature of the antrum immediately below the incisura, the greater curvature of the antrum approximately 1 -2 cm below the antrum -corpus junction, and the middle corpus approximately 2 cm from the lesser curvature.
Histologic diagnosis during the course of the trial was done by three local pathologists (GL, E. Carillo, SP, all blinded to the treatment allocation) after training sessions with consultant pathologists. For the purposes of evaluating treatment effect, it was decided to conduct a standardized review of the fi rst and last available biopsies for all subjects with more than one gastroscopy by one of the three local pathologists (GL) after a 1-month training period with an expert pathologist (JCB). This review was also conducted blind to the treatment status of the patient.
Pathologic diagnoses were performed according to the updated Sydney System for classifi cation and grading of gastritis ( 22 ) . Each biopsy was classifi ed as one of the following: normal mucosa, nonatrophic gastritis (NAG), nonmetaplastic multifocal atrophic gastritis (MAG), intestinal metaplasia (IM), or dysplasia (DYS ). The most severe diagnosis among any of the biopsies was taken as the overall diagnosis for each subject.
Gastric biopies were also stained with Giemsa for the detection of H. pylori . Presence of H. pylori was evaluated on a scale from 0 to 3 (0, none; 1, diffi cult to fi nd; 2, easy to fi nd; and 3, abundant). For each subject, two summary scores were calculated, one based on the most severe biopsy and the other based on the average score over all biopsies.
Statistical Analysis
The statistical analysis performed was the preplanned analysis that was decided upon before breaking the code. This analysis was based on intention to treat. It used only the histologic diagnosis resulting from the standardized review. For the purpose of the analysis, the histologic diagnoses were grouped into four categories: 1) normal mucosa and NAG, 2) MAG, 3) IM, and 4) DYS. The decision to group normal mucosa and NAG together was based on the low probability that these lesions would progress to cancer during the course of the study and findings of a reliability substudy that indicated low reproducibility of histologic diagnoses of low-grade lesions ( 23 ) .
Progression was defi ned as an increase in the severity of the lesions to the extent that there was a change in diagnosis category. The progression rates and the rate ratio between vitamin and placebo groups were estimated within strata defi ned by baseline diagnosis (categories 1, 2, and 3). A Poisson regression model was used to estimate the overall rate ratio between vitamin and placebo groups, controlling for baseline diagnosis. Heterogeneity of treatment effect by baseline diagnosis was evaluated by testing for interaction between treatment and baseline diagnosis. The same procedures were used for regression rates using baseline diagnostic categories 2, 3, and 4, with regression defi ned as a decrease in the severity of the lesions to the extent that there was a change in category.
Progression and regression rates were calculated based on the fi rst and last available gastroscopy for each subject. Therefore, subjects who withdrew from the study before returning for at least one follow-up gastroscopy were censored. Subjects who withdrew after at least one follow-up gastroscopy but before completing the full trial protocol were included in the analysis but contributed only the follow-up time between study entry and the last available gastroscopy.
Subgroup analyses were conducted by testing for an interaction between the treatment allocation and the variable defi ning the subgroups. The null hypothesis under these tests is that of the main analysis, i.e., that the treatment effect is the same across subgroups. Unless otherwise stated, all statistical tests use the Wald approximation to the likelihood ratio. All statistical tests were two-sided.
R esults
Between May 1992 and February 1995, 1980 subjects were recruited into the trial, of whom 1383 were included in the this analysis. The participant flow is detailed in Fig. 1 . The extent of censoring was similar in the vitamin and placebo groups ( P = .29 for difference of two proportions). In September 1996, an interim analysis was conducted following the publication of preliminary results from the Alpha-tocopherol, Beta-carotene (ATBC) trial, which showed an adverse effect of treatment on lung cancer risk ( 24 ) , and the subsequent decision by the investigators of the Beta Carotene and Retinol Efficacy Trial to discontinue the intervention ( 25 ) . The interim analysis was based on the histologic diagnoses of the first 220 subjects to complete the study and a review of all withdrawals and all deaths that had occurred among study participants. No adverse effect of vitamin supplementation was found. However, the IARC Ethical Committee requested that all current smokers and ex-smokers who had smoked within the last 10 years who were receiving vitamins be given placebo instead of vitamin treatment and that advice on quitting smoking should be reinforced for all smokers. This unplanned protocol change was ignored by the intention-to-treat analysis, so smokers on active treatment who were switched to placebo were still considered to be in the vitamin treatment group.
Baseline demographic and clinical characteristics of each group are shown in Table 1 . The vitamin and placebo groups were balanced with respect to age, sex, education, country of origin, smoking status and history, and baseline diagnosis. In a previous cross-sectional analysis of the baseline data, refrigerator use and intake of fruits and starchy vegetables had been identifi ed as potential confounders ( 18 ) . These were also found to be balanced with respect to treatment (data not shown). Figure 2 shows plasma vitamin levels for the three vitamins by treatment group, at baseline and at 1 and 2 years after randomization. In the treatment group, the median beta-carotene level was 0. (IQR = 23.1 -31.2) at baseline and increased to 54.9 mol/L (IQR = 42.8 -67.6) at 1 year and 54.4 mol/L (IQR = 40.9 -69.2) at 2 years. Thus, there were clear increases in beta-carotene and vitamin E levels in the treated group beyond the levels observed at base line. In the placebo group, by contrast, no changes were observed. For vitamin C, the median baseline level in the treatment group was 47.7 mol/L (IQR = 36.9 -58.5) at baseline, 61.9 mol/L (IQR = 52.2 -72.7) at 1 year, and 54.4 mol/L (IQR = 40.9 -69.2) at 2 years. Thus, the difference in vitamin C levels was less marked, and the interquartile ranges of plasma vitamin C levels before and after treatment were overlapping. Vitamin C levels in the placebo group were 46.8 mol/L (IQR = 36.3 -57.9) at baseline, 44.3 mol/L (IQR = 31.2 -55.7) at 1 year, and 35.2 mol/L (IQR = 21.6 -47.1) at 2 years. A small decline in vitamin C levels occurred between years 1 and 2 in both the control and treatment groups. Since this decline was observed in both vitamin and placebo groups, and was not seen for the other vitamins, it was not an effect of reduced compliance but may have been caused by sample degradation during storage or transport. Excellent compliance was indicated by pill counts when subjects returned for their vitamin pills: 91% of all containers were returned with less than 10% of pills.
Changes in the prevalence of precancerous lesions between the beginning and end of the trial were assessed by determining, for each set of subjects receiving a given initial diagnosis, the dis tribution of subjects receiving the four possible fi nal diagnoses ( Table 2 ). The number of subjects with superfi cial gastritis increased from 327 at baseline to 452 at fi nal diagnosis, and the number of subjects with dysplasia also increased from 20 at baseline to 45 at fi nal diagnosis. There was also a clear reduction in the number of subjects with atrophy from 617 at baseline to 455 at fi nal diagnosis. Thus, in the course of the trial there was an increase in the frequency of diagnoses of both extremes of disease. However, overall, there was no strong evidence of net progression or regression.
We calculated the progression rate for each category of diagnosis according to treatment allocation ( Table 3 ) and rate ratios between the vitamin and placebo groups. Overall progression rates per 100 person-years were 74.3 in the placebo group and 67.8 in the group allocated to vitamins. The rate ratio for progression was 0.95 (95% CI = 0.70 to 1.28) in subjects with NAG, 0.84 (95% CI = 0.59 to 1.21) in subjects with MAG, and 1.02 (95% CI = 0.51 to 2.04) in subjects with IM. The overall rate ratio for progression, controlling for initial diagnosis by Poisson regression, was 0.92 (95% CI = 0.74 to 1.15). There was no evidence of heterogeneity in the rate ratio by initial diagnosis ( P for interaction = .95). Regression rates in the two treatment groups were analyzed in a similar fashion ( Table 4 ). Overall regression rates per 100 personyears were 109.4 in the placebo group and 116.5 in the group allo- cated to vitamins. The rate ratio for regression was 1.05 (95% CI = 0.81 to 1.35) in subjects with MAG, 1.15 (95% CI = 0.82 to 1.61) in subjects with IM, and 1.09 (95% CI = 0.36 to 3.34) in subjects with DYS. The regression rate was thus slightly higher in the treatment group in all subgroups of gastric lesions. The overall rate ratio, controlling for initial diagnosis, was 1.08 (95% CI = 0.89 to 1.32). There was no evidence of heterogeneity by initial diagnosis ( P for interaction = .98).
As a secondary endpoint, we considered degree of H. pylori infection. Due to fading of the Giemsa stain, the pathology review did not produce a usable H. pylori score for most subjects. Hence, the H. pylori scores are based on the original diagnosis by the three local pathologists. The H. pylori diagnosis was determined by taking the most severe score over all biopsies from the same subject. There was a net decrease in the most severe H. pylori score from baseline to fi nal gastroscopy ( P <.001 by McNemar's test) in both placebo and vitamin groups. Differences in H. pylori infection were also compared using an average score over all biopsies. The placebo and vitamin groups were balanced at baseline with average scores of 1.58 (95% CI = 1.53 to 1.63) and 1.54 (95% CI = 1.50 to 1.60), respectively ( P = .36 for difference). At exit, average H. pylori scores were reduced to 1.38 (95% CI = 1.32 to 1.43) in the placebo group and 1.33 (95% CI = 1.28 to 1.39) in the vitamin group, but still balanced across the groups ( P = .22, by paired t test). This balance persisted after adjusting for the score at baseline ( P = .37). Table 5 details total dropout during the course of the study in terms of reasons for withdrawal. Of the subjects who dropped out (636, 299 in the control arm and 336 in the treatment arm), 53 subjects in the placebo group and 60 subjects in the vitamin group were included in the this analysis because they returned for a follow-up gastroscopy before dropping out and therefore provided data on changes in the gastric mucosa during part of the follow-up. The number of subjects who dropped out was slightly higher in the vitamin group than in the placebo group, but the difference was not statistically signifi cant ( P = .14, for difference of two proportions). The most common reason for dropout from the study (accounting for 189 and 209 in the vitamin and placebo groups, respectively) was loss to follow-up. These subjects could not be traced by the social workers at their given address.
Two post hoc subgroup analyses -on smokers and subjects with low plasma vitamin levels at baseline -were conducted. The fi rst group was of interest because of the possibility that beta-carotene supplementation may be harmful in smokers. The decision to cease active treatment in current and former smokers was designed to attenuate such a subgroup effect if it existed. The second group would be of interest if vitamin supplementation was only effective in subjects with a low vitamin intake. Among current smokers and recent (within <10 years) ex-smokers, the rate ratio for progression (treatment versus placebo) was 1.08 (95% CI = 0.70 to 1.67). Among never smokers and long-term ( ≥ 10 years) ex-smokers, the rate ratio was 0.86 (95% CI = 0.67 to 1.11). The difference in the rate ratios by smoking status was not statistically signifi cant ( P = .38 for interaction). The corresponding rate ratios for regression were 1.28 (95% CI = 0.86 to 1.92) for current and recent smokers and 1.01 (95% CI = 0.81 to 1.27) for never smokers and long-term ex-smokers. Again, there was no statistically signifi cant difference in the rate ratios ( P = .48) by smoking status. For assessment of the effect of baseline plasma vitamin levels on response to treatment, subjects in the lowest tertile group for each vitamin were compared with the rest. There was no statistically signifi cant difference in progression rates between subjects with low plasma vitamin levels and the rest ( P = .56 for vitamin C; P = .99 for beta-carotene; P = .58 for vitamin E). Nor were there any statistically signifi cant differences in regression rates ( P = .18 for vitamin C; P = .36 for betacarotene; P = .59 for vitamin E). Hence, there was no evidence that the treatment effect differs by smoking status or levels of these vitamins in plasma. Logistic regression analyses were conducted to see if there were systematic differences between subjects who were included in the analysis and those who were censored. The outcome in these analyses was inclusion in the analysis versus censoring, and the predictor variables were the set of potential confounders that were tested at baseline to check that the treatment and placebo groups were balanced. Compared with those who were censored, subjects included in this analysis were older (odds ratio [OR] = 1.57 for being 40 years of age or older, 95% CI = 1.27 to 1.95), were less likely to be born outside of Venezuela (OR = 0.73, 95% CI = 0.57 to 0.92), had higher socioeconomic status as measured by education level (OR = 1.56 for having R ≥ 7 years of education, 95% CI = 1.06 to 1.56) and number of years with a refrigerator in the home (OR = 1.63 for >30 years versus <10 years, 95% CI = 1.16 to 2.30), and were less likely to be smokers (OR = 0.71, 95% CI = 0.58 to 0.88). There were no statistically signifi cant differences according to sex or consumption of fruits or starchy vegetables.
D iscussion
No statistically significant association was found between supplementation with antioxidant vitamins (beta-carotene, vitamin C, vitamin E) for a period of 3 years and progression or regression of precancerous gastric lesions. The data were inconsistent with a 25% decrease in progression rates or a 30% increase in regression rates due to vitamin supplementation.
Three chemoprevention trials on the effects of antioxidant vitamin supplementation have reported results on gastric cancer incidence. The fi rst trial was conducted in the general adult population of Linxian, China, an area with a high incidence of esophageal and gastric cardia cancer. Four different interventions were tested in a one-half replicate of a 2 4 factorial design: retinol and zinc; ribofl avin and niacin; vitamin C and molybdenum; and beta-carotene, vitamin E, and selenium. During the 5.25-year follow-up period, a statistically signifi cant reduction in gastric cancer mortality (risk ratio, treatment versus control = 0.79; 95% CI = 0.64 to 0.99) was observed in those receiving beta-carotene, vitamin E, and selenium. Reductions in total mortality and total cancer mortality were also observed in subjects receiving this treatment ( 26 ) . The second trial, for which gastric cancer incidence was a secondary endpoint, was the ATBC study ( 27 ) in which alpha-tocopherol and beta-carotene supplementation, or placebo, was given, in a 2 × 2 factorial design, to a population of 29 133 male smokers aged 50 -69 years. This study was designed as a study of lung cancer incidence, but 126 cases of gastric cancer were identifi ed during the 6-year follow-up period. A modest, but not statistically signifi cant, increase in gastric cancer incidence was observed in subjects treated with alpha-tocopherol (risk ratio = 1.21, 95% CI = 0.85 to 1.74) and beta-carotene (risk ratio = 1.26, 95% CI = 0.88 to 1.80) ( 28 ) . In both the Linxian trial and the ATBC study, gastroscopic surveys were conducted at the end of follow-up to examine the prevalence of precancerous lesions. Neither trial found a statistically signifi cant difference between treatment groups in prevalence ( 29 , 30 ) . The third trial was conducted among 22 071 male physicians in the United States who were randomly assigned to beta-carotene supplementation or placebo for 12 years. Nineteen subjects in the beta-carotene group and 21 subjects in the placebo group developed gastric cancer ( 31 ) . In addition to the trials in which gastric cancer was an endpoint, two chemoprevention trials on precancerous lesions of the stomach have been conducted, one in Colombia ( 7 ) and one in the Shandong province of China ( 32 ) . Unlike the trials described above, these trials were specifi cally designed to look at precancerous lesions and included a gastroscopy at the beginning and the end of the follow-up period.
The trial in Colombia compared supplementation with vitamin C, beta-carotene, and anti -H. pylori treatment in a 2 3 factorial design. With 976 subjects randomly assigned (of whom 631 completed follow-up), this trial was smaller than the one reported here, but the follow-up period of 6 years was longer, and the doses of vitamin C and beta-carotene were both higher (30 mg/day versus 18 mg/day for beta-carotene and 2 g/day versus 750 mg/day for vitamin C in that trial and the one reported here, respectively). All seven groups receiving active treatment showed similarly high regression of precancerous lesions (19% -29% regression) compared with the placebo group (it showed 7% regression), but the combination of more than one treatment was not associated with a statistically signifi cant increase in regression rates compared to any single treatment. After 12 years of follow-up, and 6 years after antioxidant treatment was concluded, an additional gastroscopy was conducted, and the treatment allocation was reevaluated using a histopathology score as the outcome. Subjects allocated to anti -H. pylori treatment had improved histopathology scores relative to baseline, but no benefi cial effect of antioxidants was found ( 33 ) .
The trial in Shandong province, China, also used a 2 3 factorial design comparing H. pylori eradication, garlic supplementation for 7.3 years, and vitamin supplementation (vitamin C, vitamin E, and selenium) for 7.3 years in 3365 subjects. In follow-up gastroscopic surveys conducted after 5 years and 9 years, no statistically significant favorable effects were seen for either of the nutritional supplementation (vitamins and garlic oil), but H. pylori treatment resulted in a statistically signifi cant decrease in prevalence of lesions diagnosed as severe chronic atrophic gastritis or worse.
The main motivation for studying precancerous lesions instead of gastric cancer incidence is to reduce the sample size and the follow-up period that is required. However, there are two potential disadvantages to this approach. The fi rst is the possible imprecision of the histologic diagnosis due to poor inter-and intrarater reliability and to random variation in the location of the biopsy. Imprecision in histologic diagnosis was minimized in this study by taking fi ve biopsies from prespecifi ed regions in the stomach and by basing the initial and fi nal diagnosis on a review by a single pathologist. However, one component of error that cannot be controlled is the degree to which the biopsy is representative of the extent of disease in the gastric mucosa. Because multifocal atrophic gastritis, intestinal metaplasia, and dysplasia are multifocal lesions, a certain degree of random variation in the location of the biopsy will occur. Random error in histologic diagnosis would have the effect of increasing the apparent rates of progression and regression and decreasing the discernible effect of treatment.
A second problem with using precancerous lesions as an endpoint is that it requires a gastroscopy. Overall, 30% of the participants did not contribute to this analysis as they had no follow-up gastroscopy. The profi le of the censored subjects, who were younger, had lower socioeconomic status, and were less likely to be born in Venezuela, suggests that migration for economic reasons to neighboring Colombia contributed to the overall loss to follow-up, despite the requirement that participants be permanent residents of Tachira State.
A further limitation of this study, in comparison to the trial in Colombia, is that it did not include anti -H. pylori treatment. Although this treatment was in the original protocol, it was dropped after unsuccessful testing in the pilot phase ( 10 , 11 ) . Therefore, we were unable to investigate the effects of anti -H. pylori treatment on the progression and regression of precancerous lesions.
Randomized trials of H. pylori eradication [reviewed by Correa ( 34 ) ] include two other trials with long-term follow-up, both in high-risk areas of China. The fi rst one, in Fujian Province ( 35 ), used gastric cancer incidence as an outcome and did not fi nd a strong effect of H. pylori eradication on gastric cancer incidence: after 7.5 years, seven cases of cancer occurred in the treated group and 11 cases in the placebo group. In the subgroup of subjects without precancerous lesions at the start of the trial, none of those receiving the anti -H. pylori treatment developed cancer, and six subjects in the placebo group did. This fi nding of a positive effect of H. pylori eradication in a subgroup of subjects without precancerous lesions raises the possibility that the benefi cial effect of eradication is confi ned to the earlier phases of the process. However, this result must be interpreted with caution because the fi ndings of post hoc subgroup analyses generally have poor reproducibility. The second study, in Shandong province, used a gastroscopy at 1 and 5 years to measure precancerous endpoints. After 5 years of follow-up, the risk of progression of intestinal metaplasia was reduced to a statistically signifi cant extent in the group randomly assigned to anti -H. pylori treatment (OR = 0.63, 95% CI = 0.43 to 0.93) (36 ) . Thus, the balance of the available evidence suggests that H. pylori eradication may decrease the progression of precancerous lesions.
This study was conducted in a population at high risk for gastric cancer, and, in particular, with a high prevalence of infection with H. pylori . The results of this study can therefore be generalized to those populations in low-and medium-resource countries where gastric cancer is still fairly common. They may not necessarily apply to populations with low gastric cancer risk or low H. pylori prevalence or where the intake of antioxidants through diet and supplements is higher.
The results of this study address two questions: Do antioxidant vitamins interfere with the progression of precancerous lesions? Is large-scale chemoprevention with antioxidant vitamins a useful strategy for gastric cancer control? We found no statistically signifi cant effect of antioxidant vitamins on gastric precancerous lesions. If there is a benefi cial effect, it is small and not consistent with a 30% benefi t in progression/regression. There was also no evidence of a strong harmful effect of treatment on progression and regression rates. The null result from this study does not contradict the evidence from observational studies that a diet rich in fresh fruits and vegetables is protective against gastric cancer because we do not know whether the protective agents in such a diet have been correctly identifi ed and used as treatment in this trial ( 37 ) . More importantly, it is not certain that a short, intensive period of treatment in middle age can compensate for a high-risk diet that is lifelong ( 38 ) .
Any intervention against gastric cancer should be viewed in the context of the global decline in gastric cancer incidence and mortality. Data from the World Health Organization mortality database suggest that gastric cancer mortality is declining at the rate of 2% -3% per year in many countries. In Venezuela, between the years 1970 and 1994, the age-standardized gastric cancer mortality rate per 100 000 person-years decreased from 36.2 to 16.8 in men and from 16.4 to 9.7 in women. The reasons for the widespread decline are not known, but they may include improvements in diet, food storage, and a decline in the prevalence of H. pylori infection. An intervention that accelerated this decline would still have an important impact on public health since gastric cancer remains one of the most common cancers worldwide. However, the absence of any strong benefi t suggested by this study suggests that vitamin supplementation would not have a major impact on the existing secular trends.
